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(57) ABSTRACT

A connecting rod (10) has a big end bearing eye (11) for
attachment to a crankshaift, a small end bearing eye (12) for
attachment to a piston, and an eccentric adjusting device
(13) for adjusting an effective connecting rod length. The
eccentric adjusting device (13) has eccentric rods (15, 16)
that engage on an eccentric lever (14), an eccentric (36) that
1s guided 1n an aperture 1n the eccentric lever (14) and 1n the
small end bearing eye (12) and an aperture for accommo-
dating a piston pin (37). Lubricating oil bores (38, 39) are
introduced into the small end bearing eye (12) via which a
lubricating o1l film can be bwlt up between the small end
bearing eye (12) and the eccentric (36). The small end
bearing eye (12) has a larger radial wall thickness 1n those

regions 1n which the lubricating o1l bores (38, 39).

11 Claims, 2 Drawing Sheets
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CONNECTING ROD AND INTERNAL
COMBUSTION ENGINE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC 119 to
German Patent Appl. No. 10 2015 103 206.6 filed on Mar.
5, 2015, the entire disclosure of which 1s incorporated herein
by reference.

BACKGROUND

1. Field of the Invention
The 1nvention relates to a connecting rod for an internal
combustion engine and to an internal combustion engine.

2. Description of the Related Art

DE 10 2010 016 037 Al and FIG. 1 herein show a
connecting rod of an internal combustion engine having an
adjustable compression ratio. The connecting rod 10 has a
big end bearing eye 11 and a small end bearing eye 12. The
big end bearing eye 11 1s used to attach the connecting rod
10 to a crankshaft (not shown 1n FIG. 1) and the small end
bearing eye 12 1s used to attach the connecting rod 10 to a
cylinder piston (not shown in FIG. 1) of the internal com-
bustion engine. The connecting rod 10 1s assigned an eccen-
tric adjusting device 13 that has an eccentric (not shown in
FIG. 1), an eccentric lever 14 and eccentric rods 15, 16. The
eccentric lever 14 has an aperture arranged eccentrically
with respect to a center 17 of the small end bearing eye 12
and the aperture has a center 18. The aperture in the
eccentric lever 14 accommodates the eccentric and an aper-
ture 1n the eccentric accommodates a piston pin. The eccen-
tric adjusting device 13 1s used to adjust an eflective
connecting rod length 1, which reters to the distance ot the
center 18 of the aperture 1n the eccentric lever 14 from a
center 19 of the big end bearing eye 11. The eccentric rods
15, 16 can be moved to turn the eccentric body 14 and hence
to change the eftective connecting rod length 1 .. Each
eccentric rod 15, 16 1s assigned a piston 20, 21 that 1s guided
movably 1n a hydraulic chamber 22, 23. A hydraulic pressure
prevails 1 the hydraulic chambers 22, 23 and acts on the
pistons 20, 21 assigned to the eccentric rods 15, 16. The
movement of the eccentric rods 15, 16 1s possible or not
possible, depending on the o1l quantity in the hydraulic
chambers.

The adjustment of the eccentric adjusting device 13 1s
mitiated by inertia forces and load forces of the internal
combustion engine that act on the eccentric adjusting device
13 during an operating cycle of the internal combustion
engine. The directions of the forces acting on the eccentric
adjusting device 13 change continuously during an operating
cycle. The adjusting movement 1s assisted by the pistons 20,
21 acted upon by hydraulic oil. The pistons 20, 21 act on the
eccentric rods 15, 16 and prevent return of the eccentric
adjusting device 13 due to varying directions of action of the
forces acting on the eccentric adjusting device 13. The
eccentric rods 15, 16 that interact with the pistons 20, 21 are
attached to the eccentric body 14 on both sides. The hydrau-
lic chambers 22 and 23 in which the pistons 20, 21 are
guided can be supplied with hydraulic o1l from the big end
bearing eye 11 via hydraulic o1l lines 24 and 25. Check
valves 26 and 27 prevent the hydraulic o1l from flowing back
out of the hydraulic chambers 23 and 24 into the hydraulic
lines 24 and 25. A changeover valve 29 1s accommodated 1n
a bore 28 in the connecting rod 10. The switching position
of the changeover valve 29 determines which of the hydrau-
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lic chambers 22 and 23 1s filled with hydraulic o1l and which
1s emptied, wherein the adjusting direction or turning direc-
tion of the eccentric adjusting device 13 depends thereon. In
this case, the hydraulic chambers 22 and 23 are 1n contact via
fluid lines 30 and 31, respectively, with the bore 28 that
accommodates the changeover valve 29. An actuating means
32, a spring device 33 and a control piston 34 of the
changeover valve 29 are shown schematically in FIG. 1. The
operation of these components of the changeover valve 29 1s
known from DE 10 2010 016 037 Al.

As explained above, the hydraulic o1l that acts on the
pistons 20, 21 1s fed to the hydraulic chambers 22, 23 via
hydraulic lines 24 and 235, starting from the big end bearing
eye 11. Thus, the connecting rod 10 engages on the crank-
shaft (not shown 1n FIG. 1) by means of the big end bearing
eye 11 so that a connecting rod bearing shell 35 1s between
a crankshait bearing journal of the crankshaft and the big
end bearing eye.

It 1s the object of the invention to provide an improved
internal combustion engine and an improved connecting rod.

SUMMARY

According to the invention, lubricating oil bores are
introduced into the small end bearing eye and enable a
lubricating o1l film to be built up between the small end
bearing eye and the eccentric. The small end bearing eye has
a larger wall thickness 1n those regions in which the lubri-
cating o1l bores are mtroduced into the bearing eye than 1n
other regions of the bearing eye.

The invention allows lubrication of a contact region
between the small end bearing eye and the eccentric accom-
modated 1n the aperture in the small end bearing eye. To
compensate for weakening of the small end bearing eye
caused by the lubricating o1l bores, the bearing eye has a
larger radial wall thickness in those regions where the
lubricating o1l bores are introduced into the bearing eye than
in adjoining regions. The small radial wall thickness in the
regions of the small end bearing eye that are outside those
regions 1 which the lubricating o1l bores are introduced
enables a reduction 1n the weight of the connecting rod and
provides suflicient clearance between the small end bearing
eye and the eccentric rods of the eccentric adjusting device.

The small end bearing eye may have a smaller radial wall
thickness 1n regions opposite the extended eccentric rods of
the eccentric adjusting device than 1n regions in which the
lubricating o1l bores are introduced into the small end
bearing eye. Thus, a clearance i1s provided between the
eccentric rods and the small end bearing eye and weight 1s
reduced.

At least two lubricating o1l bores may extend in the radial
direction of the small end bearing eye and may be spaced
apart circumierentially. The small end bearing eye has a
larger wall thickness 1n those regions in which the lubricat-
ing oil bores are introduced into the bearing eye than
between these regions in the circumierential direction of the
small end bearing eye. Thus, the weight of the connecting
rod 1s reduced further.

Transitions on the small end bearing eye between the
regions ol different wall thickness are formed continuously
and hence 1n a manner free from discontinuities. Thus, 1t 1s
possible to provide uniform loading of the material in the
small end bearing eye without additional stress increases due
to the change in the wall thickness.
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[lustrative embodiments of the mvention are explained in
greater detail by means of the drawings without being
restricted thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a connecting rod of an internal combustion
engine known from the prior art, having an adjustable
compression ratio.

FIG. 2 shows a detail of a connecting rod.

FIG. 3 shows the detail of a connecting rod according to
the 1nvention.

DETAILED DESCRIPTION

An 1nternal combustion engine having an adjustable com-
pression ratio has at least one cylinder, preferably a plurality
of cylinders. Fach cylinder has a piston that 1s coupled to a
crankshaft of the internal combustion engine by a connect-
ing rod 10. Fach connecting rod 10 has a small end bearing
eye 12 at one end and a big end bearing eye 11 at an opposite
end. The big end bearing eye 11 engages on a crankshafit
bearing journal of the crankshaft in such a way that a
connecting rod bearing shell 1s positioned between the
crankshaft bearing journal and the big end bearing eye. A
lubricating o1l film can build up between the connecting rod
bearing shell and the crankshait bearing journal.

An internal combustion engine having an adjustable com-
pression ratio has an eccentric adjusting device 13 1in the
region of each connecting rod 10 for adjusting the effective
connecting rod length of the respective connecting rod 10.

The eccentric adjusting device 13 has an eccentric 36, an
eccentric lever 14 and eccentric rods 15, 16 that can be
moved 1n accordance with a hydraulic pressure prevailing in
hydraulic chambers interacting with the eccentric rods to
adjust the compression ratio. The hydraulic chambers inter-
acting with the eccentric rods 15, 16 can be supplied with
hydraulic o1l starting from the big end bearing eye 11 of the
respective connecting rod. Adjustment of the eccentric
adjusting device 1s mitiated by the action of inertia forces
and load forces of the internal combustion engine.

The eccentric lever 14 and the small end bearing eye 12
cach have an aperture or bore to accommodate the eccentric
36. The eccentric 36 has an aperture or bore which serves to
accommodate a piston pin 37.

Lubricating o1l bores 38, 39 and 40, 41 are introduced 1nto
the small end bearing eye 12 and enable a lubricating o1l film
to be built up at least between the small end bearing eye 12
and the eccentric 36 and also between the eccentric 36 and
the piston pin 37, and into the eccentric 36. The lubricating,
o1l bores 38, 39, 40, 41 allow good lubrication of the contact
points between the small end bearing eye 12 and the
eccentric 36 and between the eccentric 36 and the piston pin
3’7 1n the end positions of the eccentric adjusting device 13
and during the adjustment of the eccentric adjusting device
13.

According to FIGS. 2 and 3, two lubricating o1l bores 38,
39 are introduced into the small end bearing eye 12, and two
lubricating o1l bores 40, 41 are introduced 1nto the eccentric
36.

The lubricating o1l bores 38, 39, 40, 41 are introduced 1nto
the small end bearing eye 12 and into the eccentric 36 so
that, 1n a first end position of the eccentric 36 or eccentric
adjusting device 13, a first lubricating o1l bore 40 in the
eccentric 36 aligns with a first lubricating o1l bore 38 in the
small end bearing eye 12. As a result, a lubricating o1l film
can be built up between the eccentric 36 and the piston pin
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3’7 via the bores 1n the first end position (see FIG. 2). The
lubricating o1l bores 38, 39, 40, 41 further are introduced
into the small end bearing eye 12 and into the eccentric 36
so that, 1n a second end position of the eccentric 36 or
eccentric adjusting device 13, a second lubricating o1l bore
41 1n the eccentric 36 aligns with a second lubricating o1l
bore 39 1n the small end bearing eye 12. Thus, a lubricating
o1l film can be built up between the eccentric 36 and the
piston pin 37 via the bores in the second end position. The
second lubricating o1l bore 41 in the eccentric 36 does not
align with the second lubricating o1l bore 39 in the small end
bearing eye 12 1n the first end position of the eccentric 36 or
eccentric adjusting device 13, and therefore a lubricating o1l
film can be built up between the small end bearing eyve 12
and the eccentric 36 via the second lubricating o1l bore 39 1n
the small end bearing eye 12 1n the first end position. The
first lubricating o1l bore 40 1n the eccentric 36 does not align
with the first lubricating o1l bore 38 1n the small end bearing
eye 12 1 the second end position of the eccentric 36 or
eccentric adjusting device 13, and therefore a lubricating o1l
film can be built up between the small end bearing eye 12
and the eccentric 36 via the first lubricating o1l bore 38 1n the
small end bearing eye 12 1n the second end position. In the
end positions of the eccentric adjusting device 13 and during
the adjustment of the eccentric adjusting device 13, the
lubricating o1l bores 38, 39, 40, 41 allow particularly advan-
tageous lubrication of the contact points between the small
end bearing eye 12 and the eccentric 36 and between the
eccentric 36 and the piston pin 37.

The lubricating o1l bores 38, 39 1n the small end bearing
cye 12 and the lubricating o1l bores 40, 41 1n the eccentric
36 cach extend 1n the radial direction of the eccentric 36 and
in the radial direction of the small end bearing eye 12. The
first lubricating o1l bore 40 1n the eccentric 36 and the first
lubricating o1l bore 38 in the small end bearing eye 12
preferably have the same diameter. The second lubricating
o1l bore 41 1n the eccentric 36 and the second lubricating o1l
bore 39 1n the small end bearing eye 12 also preferably have
the same diameter.

As already explained, the lubricating o1l bores 38 and 39
are introduced into the small end bearing eye 12 and enable
a lubricating oil film to be built up between the small end
bearing eye 12 and the eccentric 36.

As shown 1n FIG. 3, the small end bearing eye 12 has a
larger radial wall thickness 1n the regions where the lubri-
cating oil bores 38, 39 are introduced into the small end
bearing eye 12, relative to the aperture or bore that accom-
modates the eccentric 36, 1n the small end bearing eye 12,
than 1n regions adjoining them.

FIG. 2 shows a radius R1 of the bore in the small end
bearing eye 12 that accommodates the eccentric 36, and a
radius R2 of the small end bearing eye 12. The difference
between these radin R2 and R1 and hence the wall thickness
of the small end bearing eye 12, as seen in the radial
direction, 1s almost completely identical over the outer
circumierence of the small end bearing eye 12 and changes
only in the region of the transition to the connecting-rod
main body of the connecting rod 10.

According to the mvention, as can be seen from FIG. 3,
the small end bearing eye 12 has contouring that differs from
FIG. 2, and therefore the radial wall thickness of the small
end bearing eye 12 in the regions in which the lubricating o1l
bores 38, 39 are mtroduced into said bearing eye 1s larger
than 1n regions adjoining or adjacent to them.

Thus, FIG. 3 shows that two lubricating o1l bores 38 and
39 are introduced into the small end bearing eye 12. The
bores each extend in the radial direction of the small end
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bearing eye 12 and are spaced apart in the circumierential
direction of the small end bearing eye 12. In the regions of
the small end bearing eye 12 1n which the lubricating o1l
bores 38, 39 are introduced into said bearing eye, the small
end bearing eye 12 has a larger radial wall thickness than 1n
the region 43 between these regions, as seen 1n the circum-
terential direction of the small end bearing eye 12. Thus, as
can be seen from FIG. 3, the outer contour of the bearing eye
can be set back radially inward relative to radius R2 in this
region 43 of the small end bearing eye 12 positioned
between the lubricating o1l bores 38, 39, as seen in the
circumierential direction.

FIG. 3 also shows that the small end bearing eye 12 has
a smaller radial wall thickness 1n regions 44 and 435 directly
opposite the respective eccentric rod 15, 16 1n the extended
state of the respective eccentric rod 15, 16 than in regions
where the lubricating o1l bores 38, 39 are introduced 1nto the
small end bearing eye 12. The outer contour of the regions
44, 45 of the small end bearing eye 12 is set radially inward
relative to radius R2.

The smaller wall thickness of the small end bearing eye 12
in regions 44 and 45 provides suflicient clearance for the
eccentric rods 15, 16 and also reduces weight. The smaller
wall thickness of the small end bearing eye 12 1n region 43
also reduces weight.

According to the invention, a wall thickness of the small
end bearing eye 12 1s optimized for the loading, with a larger
radial wall thickness of the small end bearing eye 12 in the
region of the lubricating o1l bores 38, 39 than 1n adjoining
regions. Suflicient strength or stability of the small end
bearing eye 12 and of the connecting rod 10 thus 1s ensured
in the regions of the lubricating o1l bores 38, 39, and a low
weight also 1s ensured for the connecting rod 10 while, on
the other hand, suflicient clearance 1s provided for the
eccentric rods 135, 16 relative to the small end bearing eye
12.

Transitions on the small end bearing eye 12 between the
regions of different radial wall thickness preferably are
formed continuously and hence 1n a manner free from
discontinuities. Accordingly, discontinuous transitions
between regions ol different radial wall thickness on the
small end bearing eye 12 are avoided. Uniform loading of
the matenial at the small end bearing eye 12 can thereby be
achieved without an additional increase 1n stress due to the
varying wall thickness.

What 1s claimed 1s:

1. A connecting rod, having a big end bearing eye for
attachment to a crankshait, a small end bearing eye for
attachment to a piston pin of a piston in a cylinder, and an
eccentric adjusting device for adjusting an eflective con-
necting rod length, the eccentric adjusting device having
eccentric rods that engage on an eccentric lever of the
eccentric adjusting device, and the eccentric adjusting
device having an eccentric that 1s guided 1n an aperture 1n the
eccentric lever and 1n the small end bearing eve and that has
an aperture for accommodating a piston pin, two lubricating
01l bores being introduced into the small end bearing eye at
positions so that the piston pin 1s between the lubricating o1l
bores and the big end bearing eye and via which a lubricat-
ing o1l film can be built up between the small end bearing
eye and the eccentric, the small end bearing eye having
opposite 1nner and outer circumierential surfaces spaced
from one another by a radial wall thickness, all areas of the
outer circumierential surface of the small end bearing eye
being convexly arcuate and configured so that the radial wall
thickness 1n those regions of the small end bearing eye with
the lubricating o1l bores 1s sufliciently larger than adjoining
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regions of said small end bearing eye to compensate for a
weakening caused by the respective lubricating o1l bore,
while a smaller radial wall thickness 1n areas of the small
end bearing eye adjoining the lubricating o1l bore achieves
suilicient strength and a weight reduction for the connecting
rod.

2. The connecting rod of claim 1, wherein at least two of
the lubricating o1l bores are introduced into the small end
bearing eye, the lubricating oil bores extend in the radial
direction of the small end bearing eye and are spaced apart
in a circumierential direction of the small end bearing eve,
the small end bearing eye having a larger radial wall
thickness 1n those regions in which the lubricating o1l bores
are introduced into the bearing eye than 1n a region between
these regions as seen 1n the circumierential direction of the
small end bearing eve.

3. The connecting rod of claim 2, wherein the small end
bearing eye has a smaller radial wall thickness 1n regions
that lie directly opposite or face the extended eccentric rods
of the eccentric adjusting device than 1n regions 1n which the
lubricating o1l bores are introduced into the small end
bearing eye.

4. The connecting rod of claim 1, wherein transitions on
the small end bearing eye between the regions of different
wall thickness are formed continuously and in a manner free
from discontinuities.

5. The connecting rod of claim 1, wherein the outer
circumierential surface of the small end bearing eye at the
locations that have the lubricating o1l bores are concentric
with the mner circumferential surface.

6. The connecting rod of claim 5, wherein the regions of
the outer circumierential surface of the small end bearing
eye adjoining the regions of the small end bearing eye that
have the lubricating o1l bores have larger radi1 of curvature
than the regions of the outer circumierential surface of the
small end bearing eye that have the lubricating o1l bores.

7. The connecting rod of claim 1, wherein the radial wall
thickness 1n regions of the small end bearing eye adjoining,
the regions that have the lubricating o1l bores 1s more than
half of the radial wall thickness of the regions of the small
end bearing eye that have the lubricating o1l bores.

8. An mternal combustion engine that has an adjustable
compression ratio, having at least one cylinder and having a
crankshait, on which at least one connecting rod engages,
wherein the at least one connecting rod has a big end bearing
cye attached to the crankshait, a small end bearing eye
attached to a piston pin of a piston 1n the at least one cylinder
and an eccentric adjusting device for adjusting an eflective
connecting rod length, the eccentric adjusting device having
an eccentric that interacts with an eccentric lever, and
eccentric rods that engage on the eccentric lever and are
acted upon by a hydraulic pressure prevailing in hydraulic
chambers interacting with the eccentric rods, two lubricating
o1l bores being introduced into the small end bearing eve at
positions so that the piston pin 1s between the lubricating o1l
bores and the big end bearing eye and via which a lubricat-
ing o1l film can be built up between the small end bearing
eye and the eccentric, the small end bearing eye having
opposite 1nner and outer circumierential surfaces spaced
from one another by a radial wall thickness, all areas of the
outer circumierential surface of the small end bearing eye
being convexly arcuate and configured so that the radial wall
thickness 1n those regions of the small end bearing eye with
the lubricating o1l bores 1s sufliciently larger than adjoining
regions ol said small end bearing eye to compensate for a
weakening caused by the respective lubricating o1l bore,
while a smaller radial wall thickness 1n areas of the small
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end bearing eye adjoining the lubricating o1l bore achieves
suilicient strength and a weight reduction for the connecting
rod.

9. The internal combustion engine of claim 8, wherein the
outer circumierential surface of the small end bearing eye at
the locations that have the lubricating o1l bores are concen-
tric with the inner circumierential surface.

10. The mnternal combustion engine of claim 9, wherein
the regions of the outer circumierential surface of the small
end bearing eye adjoining the regions of the small end
bearing eye that have the lubricating o1l bores have larger
radi1 of curvature than the regions of the outer circumier-
ential surface of the small end bearing eye that have the
lubricating o1l bores.

11. The internal combustion engine of claim 8, wherein
the radial wall thickness in regions of the small end bearing
cye adjoimning the regions that have the lubricating o1l bores
1s more than half of the radial wall thickness of the regions
of the small end bearing eye that have the lubricating o1l
bores.
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